epithelia play a critical role in antigen presentation, to our knowledge, few studies have quantitatively evaluated regional differences in the density of Langerhans cells. In a rare example, Cruchley et al.
Introduction
Although CD1a-positive Langerhans cells in the squamous www.acbjournal.org http://dx.doi.org/10.5115/acb.2015.48. 3.177 palpebral conjunctiva, anus and penis.
In contrast to antigen presentation, on the other hand, immune tolerance seems to play an important role in mucosal immunity, especially in the face, since numerous new antigens arrive via the mouth, nose and eye every day. However, there has been little or no information about distribution of CD8-positive suppressor T lymphocytes in the squamous epithelia and associated connective tissues along it. Likewise, little is known about the distribution of CD68-positve macrophages along the normal squamous epithelia, although in association with Langerhans cells, macrophages play an activation role [2] [3] [4] [5] or a suppressor role [6, 7] in local defense and inflammation. The latter suppressive role has been reported for alveolar macrophages. Both macrophages and Langerhans cells carry numerous Birbeck granules within the cytoplasm.
The second aim of this study was to examine regional differences in the density of macrophages and suppressor T lymphocytes under an assumption that the number of Langerhans cell correlates with that of the other two cell types. Fortunately, in paraffin sections from formalin-treated cadavers, immunostaining of CD8 and CD68 is much easier than that of other immune system markers such as CD4 and HLA-DR [8] . It is very difficult to obtain frozen specimens from multiple sites in young patients or volunteers. In contrast, specimens from elderly donated cadavers allow examination of multiple sites simultaneously. However, in such cadavers, it is not possible to avoid the influence of epithelial degeneration with aging. Nevertheless, it was expected that this preliminary study would help to clarify the normal morphology of these immunoreactive cells in elderly persons, especially vari ous correlations among Langerhans cells, suppressor T lymphocytes and macrophages in and along the squamous epithelium, thus providing a better understanding of the local immune system at and around the external openings of the mucosal lumen.
Materials and Methods
The study was performed in accordance with the provisions of the Declaration of Helsinki 1995 (as revised in Edinburgh 2000). We examined 80 donated male cadavers ranging in age from 85 to 95 years, with a mean age of 89 years. As shown in Tables 1-3 , the ages at death were 85 years (specimen A), 85 years (B), 86 years (C), 88 years (D), 89 years (E), 91 years (F), 94 years (G), and 95 years (H). The cause of death had been ischemic heart failure or intracranial bleeding. None of the cadavers appeared to have been catheterized during life, as the diameter of the penile urethra was normal in all cases. However, we had no information on whether oral feeding had not been possible. The cadavers had been donated to Tokyo Dental College for research and education on human anatomy, and their use for research had been approved by the university ethics committee. The donated cadavers had been fixed by arterial perfusion of 10% v/v formalin solution and stored in 50% v/v ethanol solution for more than 3 months. From each cadaver, we prepared 5 tissue blocks including (1) the oral floor mucosa near the sublingual gland, (2) the lower lip, (3) the palpebral conjunctiva covering the attachment site between the upper and lower eyelids, (4) the anal canal 2 cm The counting was performed at the hot spot (a site with highest density) in the The same specimens as shown in Table 1 below the columnar-squamous epithelial junction, and (5) the penile skin at the coronary sulcus (a groove of skin under the prepuce). Most sections were stained with hematoxylin and eosin (H&E), whereas others were used for immunohistochemistry. The primary antibodies used were (1) mouse monoclonal anti-human CD1a (1:100, Dako N1616, Dako, Glostrup, Denmark); (2) mouse monoclonal anti-human CD8 (1:100, Dako N1592); and (3) mouse monoclonal anti-human CD68 KP1 (1:100, Dako M0814). Pretreatment autoclaving was conducted in accordance with the manufacturer's instructions. The secondary antibody (Dako Chem Mate Envison Kit, Dako) was labeled with horseradish peroxidase (HRP), and antigen-antibody reactions were detected via the HRPcatalyzed reaction with diaminobenzidine. All samples were counterstained with hematoxylin. A negative control The same specimens as shown in Table 1 . The counting was performed at the hot spot (a site with the highest density) in the section. Numbers with parenthesis for the oral floor (specimens B, D, and E), the lip (specimen D and E) and conjunctiva (all specimens): cell numbers migrating into the epithelium.
In the anus and penis, CD68-positive macrophages were not seen in the epithelium. ND, a failure in the immunostaining or the other histological pro- without a first antibody was set up for each of the specimens. Observations and photography were performed using a Nikon Eclipse 80 (Nikon, Tokyo, Japan).
The density of positive cells (number per visual field) was measured by manual counting under a ×20 objective lens. The field corresponding to a circle 0.8 mm in diameter con tained an almost 1-mm surface length of slightly curved epithelium. For measurement, we chose one best section (clearly stained) from each of the three types of immunostainings of an individual structure. As CD8-positive cells and/or CS68-positive cells were often restricted to the submucosal or subcutaneous tissue, we also counted these cells in tissue within 0.2 mm from the base of the epithelium. This counting was performed at a hot spot (a site with the highest density) in each section: this is a routine method for evaluation of metastatic lymph vessels in specimens obtained surgically from cancer patients [9] . However, for convenience of comparison, we prepared the present figures at a single hot spot for one of the 3 cell types examined, such as for CD8-positive cells in Fig. 1 . Statistical analyses were carried out using PASW version 18 (SPSS Inc., Chicago, IL, USA). The cell density data were analyzed using Tukey's test (Tables 4-6 ).
Results

Oral floor
The oral floor was characterized by a rich content of im munoreactive cells in the epithelium as well as the submucosal tissue (Fig. 1) . CD1a-positive Langerhans cells were usually the least numerous among the three cell types examined (Tables 1-3) . They were evenly distributed in the thick stratum spinosum of the squamous epithelium. The oral floor epithelium contained abundant type 2 Langerhans cells that were spherical rather than pyramidal in shape (Fig.  1F ). This classification was made according to Jaitley and Saraswathi [10] . Thus, cells with long dendritic processes were few in number. The density of Langerhans cells showed almost a 10-fold individual difference in the oral floor (Table  1) . CD8-positive suppressor lymphocytes were concentrated along the basal layer of the epithelium and some of them were seen to have migrated into the epithelium (Fig. 1D ). CD68-positive macrophages were not evident in the epithelium. The epithelial thickness varied considerably between specimens (0.15-0.5 mm). Suppressor lymphocyte density showed a difference of more than 5-fold between individuals, but macrophages did not show such a large difference (Tables 2, 3 ).
Lower lip
The lip of the mouth was also characterized by a rich content of immunoreactive cells (Fig. 2) despite the fact that the epithelial thickness (0.1-0.2 mm) was almost half that of the oral mucosa. Langerhans cells, most of which were highly dendritic, tended to be concentrated along the papilla. Langerhans cell density in the lip showed more than a 10-fold individual difference (Table 1) . Suppressor lymphocytes always and macrophages sometimes were seen to have migrated into the epithelium, especially along the papilla. These cells were also richly distributed along thin subcutaneous vessels. Suppressor lymphocytes tended to be arranged along the basal layer of the epithelium. Cellcell junctions in the stratum spinosum of the epithelium sometimes expressed CD8 reactivity (figure not shown). Suppressor lymphocytes were consistently fewer in number than on the oral floor of the same specimen. The density of suppressor lymphocytes showed more than a 5-fold difference between individuals, but macrophages did not exhibit such a great difference (Tables 2, 3 ). 
.05 was considered to be the level of statistical significance. 
Palpebral conjunctiva
At a lower magnification, the palpebral conjunctiva usually exhibited a diffuse and dense distribution of the cells examined (Fig. 3) . Langerhans cells were consistently less numerous than suppressor lymphocytes or macrophages (Tables 1-3) . Especially in the upper eyelid, the conjunctiva usually contained abundant Langerhans cells with highly developed dendritic processes toward the epithelial surface (Fig. 3C, F) . They were evenly distributed in the thin stratum spinosum of the squamous epithelium. In contrast, far fewer immunoreactive cells were seen in the bulbar conjunctiva (figure not shown). Short grooves of the palpebral conjunctiva tended to be covered by immunereactive cell-poor epithelium (Fig. 3A, B) . In the conjunctiva, the highest cell density was usually seen at the attachment site between the upper and lower eyelids (Fig. 3A-C) . Suppressor lymphocytes and/or macrophages were sometimes seen to have migrated into the squamous epithelium (Fig. 3D, E) . The density of suppressor 
Anal canal
The anal squamous epithelium was characterized by a low content of immunoreactive cells (Fig. 4) . Among the three types of cells examined, Langerhans cells were usually th greatest in number, followed by macrophages, whereas suppressor lymphocytes were fewest (Tables 1-3, Fig.  4C ). They tended to be concentrated in thick finger-like protrusions of the stratum spinosum between dermal papillae. Macrophages and lymphocytes were more richly distributed along the submucosal vessels than along the basal layer of the epithelium (Fig. 4E, G) . The dendritic processes of Langerhans cells tended to extend in parallel with (not toward) the epithelial surface (Fig. 4H) . In the anal canal, lymphocytes as well as macrophages were much more numerous in the columnar epithelium than in the squamous epithelium (figure not shown). The densities of all three cell types examined did not show great individual differences.
Penis
The distribution of immunoreactive cells in the penile skin was characterized by abundant suppressor lymphocytes migrating into the squamous epithelium (Fig. 5) . The lymphocytes tended to be arranged along the basal layer of the epithelium. The density of suppressor lymphocytes was consistently greatest among the three cell types examined (Tables 1-3) . Notably, intra-epithelial suppressor lymphocytes were pyramidal in shape, in contrast to their spherical form in the subcutaneous tissue (Fig. 5D) . Observations Anat Cell Biol 2015;48:177-187 183
www.acbjournal.org using adjacent sections suggested that these pyramidal cells were unlikely to be double-positive for CD1a. The subcutaneous suppressor lymphocytes were more numerous at the bottom of the coronary sulci or grooves than in the skin around the sulci (Fig. 5A ). Langerhans cells were also concentrated at the bottom of the sulci, and their dendritic processes were directed toward the epithelial surface (Fig.  5C, F) . Macrophages in the penile skin were restricted to the subcutaneous tissue (Fig. 5B, E) . The squamous epithelium at the urethral opening (i.e., the navicular fossa) also contained abundant suppressor lymphocytes and macrophages, but Langerhans cells were very sparse at the opening (figure not shown). The densities of all three cell types examined did not show a great individual difference such as that evident in the oral floor and lip.
Comparison among the five sites and statistical analysis Table 7 summarizes the site-specific morphology of Langerhans cells, suppressor lymphocytes, and macrophages in and along the squamous epithelium. In the face, Langerhans Anat Cell Biol 2015;48:177-187 185
www.acbjournal.org macrophages showed a weak correlation between the conjunctiva and the penis (r=0.59). At each of the five sites, there was no evident correlation between the density of Langerhans cells and that of coexisting macrophages or suppressor T lymphocytes.
Discussion
Because langerin, a specific marker of Langerhans cells, is a human immunodeficiency virus 1 receptor of epithelia [11] , many researchers have been interested in the distribution of Langerhans cells in the oral mucosa and external genitalia. Another aspect of research on cell distribution has focused on a possible change in immunity after circumcision [12] [13] [14] [15] reported details of this change in the microbiome of the penis. However, to our knowledge, no group has described the morphology of CD8-positive lymphocytes and CD68-positive macrophages in the same section, as used for observations of Langerhans cells. In the present study, the data suggested that a high density of Langerhans cells was often unlikely to correlate with the co-presence of abundant macrophages and/ or suppressor lymphocytes.
The present study provided comparative data for Langerhans cells, suppressor lymphocytes and macrophages at five sites around external openings in the human body, although data for the penis were not based on observations of the urethral orifice but of the penile skin under the prepuce. Langerhans cells, dendritic in shape, were consistently abundant in the conjunctiva, anus and penis, but were sometimes few in the oral floor and lip. Notably, in the oral floor, Langerhans cells were often spherical, suggesting an inactive status. Submucosal or subcutaneous suppressor lymphocytes, especially rich in the oral floor and penile skin, were found to have migrated into the epithelium at four sites, with the exception of the anus. In the conjunctiva, macrophage migration into the epithelium was seen in all 8 specimens. The density of Langerhans cells displayed great individual variation in the lip and oral floor, although we could not rule out the possibility of degeneration due to reduction or loss of oral feeding. Irrespective of this great inter-individual difference, the oral floor and conjunctiva were characterized by rich contents of all three cell types, whereas the penile skin had abundant suppressor lymphocytes.
One of the striking features in the present observations was the migration of suppressor lymphocytes and/or macrophages into the epithelium. It was evident at four sites, with the exception of the anus, and the maximum proportion of migrating cells reached 50% (oral floor). We did not consider this rich infiltration to represent evidence of a possible allergic or inflammatory reaction, because the cell density was usually much higher in the epithelium than along and around the submucosal or subcutaneous vessels. We did not use CD4 antibody because of difficulty with immunostaining using specimens from fixed cadavers [8] . However, most of the round cells scattered in the epithelium were probably positive for CD8 or CD68. Conversely, we speculated that the proportion of other leukocytes was much lower than that of these positive cells. Since suppressor lymphocytes tended to be arranged along the basal layer of the epithelium, an interaction between the lymphocytes and Langerhans cells to create tolerance seemed likely [16] . Macrophages in the penis usually had a lower density than in the oral floor, in spite of usual exposure to rich antigens at both sites. In contrast, penile epithelial lymphocytes bore dendritic processes similar to those of Langerhans cells. Such differences might depend on the bacterial population at each site.
In the palpebral conjunctiva, we noted cell accumulation at the attachment site between the upper and lower eyelids. This site consistently receives mechanical stress due to blinking. The thin epithelium seemed to be an adaptation for the quick blinking movement. The rich content of intra-epithelial macrophages in the conjunctiva seemed to be necessary for Langerhans cell, CD1a-postivie cell; lymphocyte, CD8-positive cell; macrophage, CD68-posiive cell. Evenly or concentrated: they were evenly distributed along the epithelium or concentrated at the bottom of the skin groove (penile skin) or in finger-like protrusions of the stratum spinosum between papillae (anal canal).
a)
The dendritic cells were not directing toward the epithelial surface but lay in parallel with the epithelial surface.
www. recovery of tissues damage resulting from blinking. This hypothesis might also be applicable to the lip, with its high density of macrophages as well as thin epithelium. In contrast, in spite of the mechanical pressure resulting from defecation, the anus had relatively few macrophages. At the beginning of this study, we speculated that the density of macrophages would simply depend on the amount of foreign substances present at the site, and thus the anus and penis would have heavy exposure to such antigens. Surprisingly, however, the anal and penile skins exhibited no positive correlation in the density of all three types of immunoreactive cells examined. Thus a local immune response might occur in a highly sitedependent and individual manner, tending to favor tolerance rather than rejection. The present study provided that the density of suppressor lymphocytes showed a significant correlation between the oral floor and the lip (r=0.78). This is attributed to the fact that the bacterial groups are similar in the oral floor and the lip. On the other hand, the density of either suppressor lymphocytes or macrophages showed a weak correlation between the conjunctiva and the penis (r=0.59). The penis and conjunctiva are touch frequently in daily life. Therefore, this is result from the fact that normal inhabitants in skin easily adhere to the penis and conjunctiva.
One great limitation may have been the fact that we had no information about the daily life and physiological status of the studied individuals, such as the regularity of eating and evacuation. The present data for Langerhans cell density in the oral mucosa (per ×20 objective field) were generally 2-3 times greater than those reported by Cruchley et al. [1] (per mm epithelial surface), largely due to the difference in the size of the field examined. However, the results of 2-dimensional counting of highly pyramidal cells appeared to depend on how many were spotted by the observer because of their long dendritic processes.
